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TECHNICALNCTENO.209.

TESTSOF’ROTATZNGCYLINDERS. L
By ElliottG. Reid-

.

Summary

Testshavebeenmadein theNot 1 (5ftzatmospheric)~nd ..

turmelat LangleyMemorialAeronauticallaboratorytodetermine

theairforcesactingon rotatingcylinderswiti?axesperpendiou- .

larto thedirectionof motion+Twocylindersweretested;one

hada circularcross-section,theotherthat

compoundstrutwasa?.sotested:therotating

stltutingitsupstreaportion.In thecase

ofa Greekcrpss=A
.——.-.

oircularcylirderco-.—

of thecircularcyl-

& inder,a liftcoefficientof 9.5wasobtainedmi&out retchinga

. maximum;thexatiooflifttodragreacheda valueof 7.8. @n- .-..

sideredas airfoils,thecro3scylinderand,compoundstrutwerenot .:
+ so effi.cient-Lesspowerwasre@ireiito rotatethecircularcyl-

inderinnmvingthanin stillair- -.

Introduction

A cotiinationof translationaticirculationis thebasiccon-

ceptof thetheoryof airfoilsproposedby Kutta,as wellas those

of Joukowski,vonMises,ManchesterandPrandtl(Reference1).
# Thetestsdescribedbelowconstitlltean attemptto measurethe

-.-
foroesarisingfromcontrolledcotiinationof thesetwotypesof*

* flow..4
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MethodsandApparatus

.
b;

Allthemodelsweretestedin infinitelength-diameterratio;

cross-Sectionaldimensionsmaybe hadfromFig=la Theset-upi6

diagrammaticallyshownin Figs:“2and3. Thecylinderwassup-

portedina largeself-aligningballbearingA, endrestrained

, at itslowerendby twopairsof horizontalwires,a.ttaohedto the

balLbearingB, ‘whichwererespectivelyparallelatiperpendic~-.—

lar to theairflow.An eleot~icmotor

throughtheflexiblerubberconnection

measuredragand cross-wind forcesare

c, drovethecylitier

D. Thebalancesusedto

shownat E and F. Te& ..

sionin thewiresystemswasmaintainedby thecounterweightsG, GI

\ and elasticityprovidedby rubberinsertsH, Ht. Turnbucklesbe-

tweencylinderamika.lances(notshown)wereusedto counteract
e

theelasticdeform,tion.sof therestrainingsystemundertheaction-

of airforoes~thuseliminatingthependulumreactionof thecylinder..s
d Theobserved~ta consistof

speed,RrPmlI.of thecylinderand

drivingthecylinler.Individual

drag.@ cro6s–v7i_’fOrCeS,air- .

electricalinputto themotor

observationsweremadeby bringing

airspeedandR*P.M.tothedesiredvaluesand

quantities6imultaneously-

Theprogramof testwasas follows:The

measuringtheother

circularcylinderwas

testedat an airspeedof 15 m/s.(49-2ft~/eec.),“andi.ncr=sing
P rotativespeeds.untilthepowerlimitof thedrivemotorwas‘reached.

Theairspeedwas thenreducedto10 m/s-(32.8 ft./sec.) andthe

.-* processrepeated,Itbecamenecessaryto go to 7 (23)ad,’finally,
.

.-
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5 m/s.(16.4ft.,lEeo.) in orderto reatia uximum lllift/d~ag[~ratio.

Theperformanceof thecrossoylinder,at 15 m/s.(49.2ft./

sec.), wasveryerratic.A mrked hysteresisloopmadeitsappear-
ancein thevectordiagramof resultantairforceand,fienexcess---
ivevibrationwasencounteredat 3000R.P.M. and10”m/s.(32.8ft./

sec.)airspeed,theworkon thismodelwasdiscontimed.

Thefirstteston thecompoundstrut,in~hichthegapbetween

cylinderandfairingwasl/8ir,showedthiscotiinationtobe infer-

iorto thecircularcylindertienconsideredas an airfoil.A

largescaleeffectwasalaofound,coefficientsfora fixedratioof

periphera3speedtoairspeedvarying~iththeairspe~. Testswith

a 3/8’1gapweremadenextbut sucha largeincreaseofdragwas

foundthatno furthercombinationsmeretried.

Afterthecompletionof theforcem&surements,apparatuswas ,

installedtoallowtheintroductionof smokefilamentsintothe --

airstreamjustin frontof thecylinderanda seriesof photog%sp~e‘::

weretakenat variouscombinationsof rotativeandairspeeds. /f- * i+ -/
ReductionofData- PresentationofResults (

Theai’rforcesactingon the

metricalabouta horizontalplane

{

cylinderwereassumed,tobe s-ym-

throughthetunnelaxi~,i.e;,~ .

theresultantairforcewasassumedto actin thisplanes,{Thedi-

$ be”ip :-Jmensionsof theset-upweresuchthata factor1.965 had t .—

pliedto tiemeasuredforcesto givetrueforcesactingon thy-yl- :
1 ‘Jinder. 00effIcientswerederivedon a basisof projectedareaof.
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L
_i

thecylinderas follows:
-x” .

CD=*

whereinq is thedynamicpreseure,S theprojectedareaof the

cylinder,D thedragforce, OWF thecross-wind,or lrliftl’force,
VT theperipheralspeedati V theairspeed.

Thedatafromtestson thecircularcylinderaregivenin

TablesI andII. Fig.4 iq a vectordiagramwhichshowsthevari- .

ationsof resultantas wellas componentforcesthrouglmutthe

rangeexplored,Fig.5 indicatesthevaria~ionof cross-windforce

withtheratioofperipheralto translatio~lspeed,andFig.6*
showsthepowernecessaryforrotationat zeroand15 m/s(49-2ft./

sec.)airspeed.Correspondingdataon thecrosscylinderaregiveg_.
● in Tables111andIV;Figs.7, 8 and9 arethevectordiagram,plot

of cross-witiforceagainstspeedratio,arxipowerconsumption

againstR.P.M.,respectively.Thedatatakenon theoompoundst_mt

withl/8n@p, aregivenin TablesV andVI; Figs.10,11and12

areplottedtherefrom.Resultsfromthesecondstrutcoribination

aregivenin TableVIIandplottedin Figs.13 and14. —

Discussion .

As no mathematicalorphysicalanalysisof theremitshas

beenattempted,as yet,thisdiscussionwill,necessarily,consist
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in calli~thereadezlsattentionto thosepointswhichseemof ,.—
greatestimportance.Letus consider, first, thetestsof the

circularcylinder.

Thesuddenappearanceof thecross-windforceat r = 0.5

eeemssodefinitelyestablishedthatmerecoincidenceisdcubtful.

Unfortunately,no studyof thesnmkeflowwasmadein thisrange

soit is Mt knownvhetherthereis an abruptchangein theflow

patterntoaccountforthephenomenon.

Be~ti theratio r = 0.5, theoross-witiforceincreases

steadilythroughquitea ranqeinnhichthereis practicallyno ___
variationindrag,thevalue of thelatterrerm+iningconstantbe- —
tween r = 0.5 and ,2.0.Withvaluesof r greaterthan2*Othe..._
dragincreasesandthemaxitimratioof lifttodrag(7.8)is at-

tainedwhen r = 2.5, approximateely, It isnotedthatthedrag

coefficientat thispointis almostidenticalwiththatof the

stationaryOylinder.

Thehighvaluesof CCW result,of course,fromtheveryun-.
s-ymmetricvelocitydistributionaroundtheoylinder.Thesmoke

photographs(Figs.15,16and17)clearlydepictthegradualdis-

tortionof thesymmetricalflowpatternwithincreasingrotation

and thebuildingup of a veryhighvelocityregionoppositeone

of considerablyreducedvelocityaThustherotationproducesthe

samesortof velocitydistributionas doescamiberin thecaseof ,.-

an airfoil.Thegreaterdissymmetryof thisflow,as comparedto

thataboutan airfoil,is undoubtedlydueto thefactthatthe
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proportionateincreaseanddecreaseof thefreestreamvelocityis
-.* considerablyaugmentedby therotation.

In connectionwiththevariationofdrag,thefollowingpoints

arenoted: Themoke photographsshowthatat smallvaluesof r

thegroupsof Btresmlinesfromthetwosidesof theoylirderdo not

divergesormrkedlyas is thecasewiththemotionlesscylinder.

Thisaccountsforthefirstreductionof drag. Throughtherange

in which CD remainsconstant,althoughCLW increasesrapidly,

theremustbe balanceof thechangesin theflowpatternaroundthe

upstreamanddownstreamhalvesof t-heoylinder.‘Eithfurtherinc-

rease of rotativespeed,it is seen(Fig817)thatthestreamlines

fromthehighvelocitysidewrapfartherandfartheraroundthe

cylinder.It seemsprobablethatas thestagnationpointmoves
w

backalongthelowvelocityside,itwillfinallymeetandmerge

withthepointat whichthetwogroupsof streamlinesreunite.A

s completelydifferenttypeof flowwillnaturallyresultandthe

rapidincrease”of dragandreductionin therateof increaseof

liftareitscharacteristics

Thefactthatthepowerinputis smallerwithrovingthansta-

tionaryairindicatesa reductionof airfriction.Thiswouldbe

expected as thezeiativevelocityof airto cylinderis reduced,

aroundnmstof thecircumference,by therotation.

Thecharacteristicsof thecrosscYlin5er,throughouttherange

covered,wereveryirregular.Therelativelyhighpowerrequired

to rQtatethismodelpreventedtiereachingofhighvaluesof r.
b
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However,in theupperportionof thespeedrange,thedatawere

fairlyconsistentandas an L/D ratioof 5.5wasattainedat

r = 1-8, itwouldnotbe atall surprisingif theuximum @ .._

ratioforthiscylinderwerefouxdtobe largerthanthatforthe

circularone.

Thehysteresiseffectfoti at lowvalues

ceivedno explanation,butit my be mentioned

of rhasre-,

that thelower val-

ues (dashedcurveinFig.7)wereobservedwhentherotativespeed

was inoreasi.ng,airspeeQbeingheldconstant;as therotative

speedwasreduced,thepointson theupperourvewereobtained.

Whilethecurveof Cm vsg r, forthecrossoylinder,iB

rathererratic,if theportionbetweenr = 1-O and1*8 werepro-

jectedas faras the r axis,theintersectionwouldoccurat
w r = 0.5. The slopeof thisseotionof thecurveisidentioalwith

thatof thefirstportionof thecorrespotiingcurveforthecircu-

larcylinder.~.
Thepowerconmmptionof thecrosscylinderis greaterin’mov-

ingthanin stillairat value=of r greaterthan1*Obut less

at smallerratios-

The resultsfromthetestsof thecompoundstrutcovera very

limited range.Theslopesof thecurvesof cm vs. r aremuch

lowerthantheprecedingones,eventhoughthecoefficientswere

oomputedon thebasisof pZOj6Ctedareaof theoylinderrather

thanthetransverseprojectionof thestrut.

As regardsL/D ratid,the-Iler gapisbestandit is felt
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thatif ithadbeenpossibletouse stillsm~lercl~ranceand.

-4”’ practicallyelir?inateanyflowthroughwe gap,puchbetterreqults-

mighthavebeenrealized.It is evidentthatwithanya~reciable_

@P, thecfictiationsound theentire

flowbetween

Itwill

r observed.

thecylinder

be seenthat

andfairing.

liftappears

assetilyis reduced.by the

at thesmallestvaluesof

Conclusions

#

Thecontrolledcotii~tionof translatio~landc~~~+orY

●

velocitieshas shownt-hat-

1. Theairforcesobtainableby superpositionof a circulat-

ory flowupontheonearisingfromtranslationof a doublysymmet-

riobodyareseveraltimesgreaterthanhaveeverbeenobeerved

on anyunsymmetricbody. .

2. Liftincreaseswithcirculation,althoughthe~W ~nnect-

ingthevariablesis notdefinitelyestablishedor itslimitsof

applicationknown. ,, .—

3. Therateof increaseof liftwithrateof revolutionseems

practicallyindependent

it is symmetricalabout

at theverylowspeeds.

of theshapeof therotatingbody,provided

bothaxesin itsplaneof rotation,except

4. Thedragof a,bluntbodyin rectilinearairflowmaybe

considerablyreducedby theadditionof a circulatoryflow. (It “-

seemsprobablethat‘thisresultsin a r~uctionin thewidthof the

r
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ti~rbulentareabehttitheoyli@erbeforeanyIIdownwashf’or cha~e--.~
in thedirectionof tkedi&chargedairstreamappears.Thkis in

accordwiththeKariintheoryof resistanceas giveninJoukowski*s

‘tAerodynamique,n p*203).
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R.P4M*

5%
900
1020
1115
1240
1300
1300
1400
1503
1590
1600
1600
1700
1700
1700
1780
I-8oo
1900
1900
1900
2000
2080
2100
2200
2220
2300
2’420
250Q
2600
2620
2700

1300
1500
1700
1900
2100
2300
2500
2700
~goo

1.136
1.136
1.026
.942
.852
.777’
.7764
.747
.740
.744
.740
.744
.744
●759
.?53.
.750
.7%
*754
.757
.751
.757
759
:765
.764
.764

:;7:
.754
.742
.729
.724
.710

.353

.351

.338

.331

.322

.324

.332
,334
.346

TableI

CircularCY1inder

-.010
+.010
-.020
-.022
-*007
+=003
.018
.G43
.l~g
.283
.305
.400
.453
.608
.625
-598
.660
.E73
*798
.815
.’759
-873
●Ei68
.997
1.073
1.158
1*188
1.278
1.338
1.468
1.303
1.578

+.308
.418
.636
*’758
.978

1.083
1.293
1.403
1.443

-925
.925
-835
.766
.a3
.62.2
.614
.608
=602
●605
.602
.605
.605
.618
.611
.610
.611
.614
.616
.611
-616
.61a
.622
.622
.622
.640
.628
..614
.604
.593
.589
.578

.646

.642

.618

.605
4589
.593
.607
,611
.633

I -.(.)C%
-.008
-.016
-.o18
-.006
+.002
.014
.035
.122
.230
.248
-326
.369
.495
.508
.487
.537
.548
.650
● 663
.617
.710
.706
.811.
.873
.9;2
.967

1.040
1.085
1.194
1.060
1.284

.563

.764
1.163
1.386.
1.789
1.9ao
2.362
2.564
2.639

15
15
15
15
15
15
15
15
15
15
15

:;
15
15

:;
15
15
15
15

::
15
15
15
15
15
15
15
15
15

10
10
10
10
10
10

H
10

10

. . .—--- _

●010
.200
.360
.408
.460
.496
.520
.520
.560
● 600
.600
.640
.640
.680
.680
*680
.712
.720
=760._
.760
.760
.800
.832
.840
.880
.888
.920
.968

1.000
1.940
1.048
1.080

.790

.9CJ0
1.020
1.140
1.260
1.380
1-590
1,620
1● 7:!3
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,. TableI - ContinuOd,

CicuularCyliner

R.P.M.

1800
2100
2400
2700
3000
3300
3600

1800
2100
2400
2700
3000
3300
3600

-025
.105
.130
llzil
● 168
.188
.196

*167
.173
.181
.197
●222
,256
.287

.605

.820
●995
1*11O
1.170
1.250
1.295

b660
.860
lhlm
1A365
1.700
1●945
2d210

.622

.769
●952
1*105
1*230
1●376
14434

‘*624
;646
/676
,736
.829
.956

1.070

4.43
6.00
7.28
8.13
8.57
9.15*
9.48

2.’46
3.21
4.26
5.10
6.35-
7.26
8.25

5

:
5
5
5
5’

2.16
2.51
2.87
3.23
3.59
3.95
4.32

1.54
1.79
2.05
2.30
2.56
2.82
3.07

! I I

s = 0.1741ma

q = 1.535kg/m2(5m/s),3,01kg/m2(7m/s),6.15kg/m2(10m/s)

and13.81kg/m2(15tis)-
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.

Power

Airspeed= O

Fi-P*M.

290
580
885
1190
1400
1775
2260
2810

. 3140
3475 ‘

*

NGt6~~0*203j

Table

Consumptionof

12

11

CircularCylinder

Airspeed= m/s
..,

via.tts I
I R.P.M. I Watts

.,
102C)

1::: 1115
11.5 “ 1240
Iclyo
24.0 1500
27.9 1700
42.1 1900
51.a 2080
68,0 2220
89.2 2300

2420
2500
2600 ●

3?00
30C0

14.5
15.5
17.3

23.8 ‘-
26-0
28.4
31.8
28.6
30.2
31.9
33.6
34.8
37-2
44.8

.

,

---
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Table111

--w’

R.P.M.

15:

m

150
200
200
300
300
400
400
500
600
600
700
840
850
1000
1000
1200
1200
1400
1400
1600
1600

. 1600.-..
1800
1800
2000
2000
2200
2200
2400
2400
2600
2800
3000

Goo
● 2000

2200
~400

Cross Cylinder

+594
.723
.740
.763
.782

+.018
b175“
.175
.163
.165

.702 1 .355
’731
.618
.640
.655
.518
,585
.564
.54S
-562
.493
-548
.458
m515
.420
.472
.405
.460
●465
● 440
.450
.417
.428
.3?3
.402
*343
.3?4
.572
.3?2
.377

1.0?9
1.029

●994
-980
.966 A

.305

.430

.465
*530
.475
.480
.495
.395
.475
.205
●485
.260
.545
.365
.700
.435
.795
.740
.850
.940
1.010
1.035
1.305
1.220
1.475
1-4.25
1.630
1.860
2-075

1.205
1.310
1.440
1.605
1.805

I
I

.~ . $)):
.
1.353
1.396
1.430
1.284
1’.337
1*130
1.170

!
i
I
I

I
I
L!&

1.198
*947
1.070
1.032
1.000
1.028
.902
1.000
.837
.941
.?68
.862
.740
.841
.8!50
.804
.823
.762
.782
.682
.735
● 627
.684
.680
.680
.689

-879
.838
-810
.798

-033
.320
.320
.298
.302
.649
.557
.786
.850
.969
●868
.878
.“905
.722
.868
.375
.887
.475
.996
.66’?

1.280
.796

1.454
1.353
1.554
1.720
1.847
2-000
2.420
2.230
2.695
2.605
2-980
3.400
3.790

-981
1.067
1.174
1.307
1.,470

?&T
10
10
10
10
10
10
10
10
10
10
10
10
.10

10
10 ,
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

15
15
15
15
152600

s = 0.1741m2* ~ = 6.15k~m2 (10m/s), 13.81kg/m2(15m/s)

—

r

.: (33:

.090

.120
●120
.180
.180
-240 “
.240
.3m
.360 -
.360
-419
● 503
=509
.598
.598
-718
.718
.838
v838
.958
.958
-958

1.08
1.08
1.20
1*2O
1.32
1.32
1.44
1.44
1.56
1.68

“ 1.80

.720
-800
.880
.960
1.040
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‘Table

PowerConsumption

14

m

of CrossCylinder

Airspe~= O Airspeed= 10 m/s Airspeed= 15 M/s

1
R.P.M. Watts R.P.U. Watts R.P.M. Watts

1000 16.1 140 6.3 3-800 62,4
1~~() 23.8 5OG 10.4 2000+ 74’-0
1400 35.0 6C0 18,0 2100 84-O
1600 42.0 1000 28.0 2200 88-3 “.
1800 53.9 13G0 35.0 2400 105.0
2000 66.6 1600 43.0 2600
220G 81.2 18@o

131.0
4$.0 2700 138.0

2400 96.6 2oCKl I 59.4
2600 123.2 ~zo~

!~

72.0
2800 153.2 , 2400 57*1

I 2600 112● 5
I 2800 241*O
i [
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..
w’

R.P.M.

o

150
200
250
300
350

● 400
450
450
500-
600
800
700
900
I-200
1500
1600
1700
1900
2100

\ 2400
2700
3000–

0
500
700
900
900
1100
1200
1300
1400
1600A 1600
1800
2000

Table v .

compound s-krut
Gap= 1/81[

.109
,113
.114
● 114
-115
-115
.115
.115
.117
.119
.119
●121
.125
.L28
.128
.125
.1.23
.144
.149
-165 I
.175’!
.214 t
.251
.256
.250

-565
● 557
● 557
.543 I
.552
.533
.535
● 530 j
.537 ‘
-515
.530
.532 “
● 532 !

-000
=003
.016
●020
.036
●068
.093
.133
.138
.3-83
.250
.218
.335
.278
.333
.375
.440
.635
-720
.730
-730
.770
-890
.920
.885

-.140
–.125
–-030
+.065
+.110
+.185
.290
-350
.675
.615
..950

CD

.199

.206

.208

.208

.210

.210
*21O
.210
.214
●217
.217
.221
.228
.234
.234
.228
.225
.263
.272
.301
.3ZJ0
.391
.458
.467
.457

.254
-255
.255
.245”
.249
.240
.241
.239
●242
..232
.239
.240

.000
,005
.029
.036
-066
.124
.170
-243
.252
.352
.’457
.398
.611
,508
.608

‘.685
.803
1.”160
1.314
1.332
1.332
1.406
1.625
1.-680
1*616

-063
.056
-013
.029
.050
-083
.131
.158
.304
.277
.428

.3”/--- —

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

.20
20
20
20
20
20
20
20
20
20
20
20

0
.02
.06
.09
-12
.15
.18
.21
.24
-27
.27
.30
.36-
.36
.42
● 54
.72
.90
.96

1.02
1.14
1.27
1.45
1.63
1-82

*15
.21
.27
.27
.33
.36
.39
.42
.48
.48
-592

1.025 [ .240 .462 I 20 .603

s = 0.1741ma q = 6.15kg/m2(10m/s), 13-81‘kg/ma(20m/s).

.

.-
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TableVI
-d

PowerConsumptionof”CompoundStrut.
Gap= l/8n

Airspeed= O Airspeed= 10 m/s”
1R.P.M. I Watts R.P.M.

1
100
300
500
800
I100
1400
1700
2000
230cI
2600
2900

2*1
3*CI

R
12.5
18.0
22.8
32.2
41.6
46.=4
50.4

100
300
500
800
1100
1400
1700
2000
2300
2600
2900

,,
●

Watts

2.8
4.0
5-6
9.5
15.6
18.6
25,9
35.2
40.8
45.6
53.6 -—

.

0
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TableVII

-8’ CO~OUtiSt~’-t(3/8n&p)

500
600
700
800
900
1200
1500
lQ00
2100
2400
2700
3000
3300

.218

.211

.213

.218
-221
.243
.288
.324
.344
.351
.351
.348
.339

.288
●303
.318
.318
.363
.563

I -s03
.913
-938

1.038
1.078
1.143
1.143

s= 0.1741m2

-,
.-

CD c@q G%T r
.398 -526 10- .300
.386 .553 10 .360
.389 -581 10 .419
;398 10 .480
.403 :E: 10 ● 540
*444 1.030 10 .718
,526 1.650 10 .898
-5s2 1.670 10 1.08
.628 1.713 10 1.26
.641 1.900 10 1.44
4641 1.920 10 1.62
.635 2.0s0 10 1.8Q
.619 2.090 10 1.98

1

q = 6.15kg/m2
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